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要旨 
	
 本研究は、白内障患者の生活の質（QOL）の改善に繋がるデザインの推進を
目指して、眼科クリニックと連携し、計 48名の患者の視覚状況及び日常生活
における課題を調べた。第１章では、白内障の症状を始めに、白内障の手術後
に起こりうる生理的課題、及びその課題と QOL の関連性について概説する。
第２章では、白内障手術を受けた患者への調査を元に、手術後に生じた不快感、
ならびに生活習慣の変化について報告する。約半数の患者において、手術後に
目の疲労や光過敏症を起こし、QOL を低下させる可能性がある事が示唆され
た。第３章では、白内障手術を受けていない患者が感じる課題、及び自身の病
気に対する意識について調べた。全体的見え方や近距離活動における不満が大
きい一方、半分近くの患者が自分の色弁別力を過大評価している傾向が見られ
た。また、約 8割の患者は白内障手術をすぐに受ける予定がないと表明した。
白内障の影響により、QOL が低下したままの状態、もしくは危険性を伴う状
態で生活し続けている高齢者が広範囲に存在する可能性が示唆された。第 4
章では、白内障患者の QOL を改善するためのデザインの方向性を提案すると
共に、デザイン学における本研究の貢献や今後の展望を議論する。 
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ABSTRACT 
  For promoting the design leading to the improvement of the quality of life (QOL) 
of cataract patients, in this research, we examined visual conditions and 
inconvenience in everyday life of 48 patients in collaboration with ophthalmologic 
clinics. In chapter 1, we first outline the symptoms of cataracts, the physiological 
problems that can occur after surgery, and the relevance of the problem and QOL. In 
chapter 2, we report on discomfort and lifestyle changes that occurred after surgery 
based on a survey on patients who underwent cataract surgery. It was suggested that 
about half of the patients may cause eye fatigue and photosensitivity after surgery, 
possibly lowering QOL. In Chapter 3, we investigated the problems felt by patients 
who did not undergo surgery and their awareness of their illness. Although 
dissatisfaction in General Vision and Near Activity is large, nearly half of the patients 
tended to overestimate their color discriminating ability. About 80% of patients also 
declared that they had no plan to surgery immediately. It was suggested that the 
elderly who continues to live in a state where QOL is lowered or is accompanied by 
danger due to the effect of cataract may exist extensively. In Chapter 4, we propose 
design direction for improving QOL of cataract patients, and discuss the contribution 
of this research in the design studies and future prospects.  
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Chapter	1:	Introduction	
1.1	 Aged	Society	and	Senile	Cataract	
  According to the Cabinet Office (2017), as of October 1, 2016, Japan had a total 
population of 126.93 million. The number of people of age 65 and above is 34.59 
million, representing an aging rate by 27.3%, of which there are 16.91 million people 
who are 75 and older.  
 
  Also, according to the outline of the Policy on Aging Society proposed by the 
Cabinet Office (2018), it is an important indicator to promote a barrier-free public 
transport space in order to create a living environment that is suitable for an aging 
society. This concept refers to the construction of a universal society that includes any 
person, including elderly and disabled, who can move freely indoors and outdoors 
without pressure. In order to build such an environment, the government wants to 
promote information technology that assists pedestrians in walking, and rectifies the 
roads connecting public places such as stations, government units, and hospitals. The 
concept of universal design will be applied to broaden the trails, fill in gaps and 
inclinations of trails, and remove telephone poles to improve the walking environment. 
At the same time, the promotion of barrier-free signs and easy-to-understand road 
signs will enable elderly people to drive safely. The government looks forward to 
collaborating with all the above policies to form a safe transportation society where 
elderly people can feel at ease.   
 
  On the other hand, due to the increasingly aging society, age-related diseases 
happen with greater frequency. Of the diseases commonly observed for an elderly 
person, senile cataract is the most frequent (Sasaki, 2001). It is said that 
approximately 70% of people in their 60s, 90% in their 70s. Especially in the 80s, 
almost every people is suffering from some form of cataract (Hirvelä et al., 1995; 
Klein et al., 1992; McCarty et al., 1999; Mitchell et al., 1997). 
 
  In addition, patients with senile cataract may also experience visual disturbances 
such as diabetic retinopathy, glaucoma, age-related macular degeneration, or multiple 
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disorders other than vision. Under such circumstances, there is no fixed way to 
classify the needs of the elderly but to understand the diversity of needs and take 
flexible responses.  
1.2	 Cataract	
  Age-related cataract is an illness in which vision deteriorates as clouding occurs in 
the transparent lens. While it is a common cause of vision disorder in the elderly, its 
mechanism has not yet been completely understood. The etiology of age-related 
cataract is multifactorial. One common event is that lens affected by age-related 
cataract can be observed to follow a progressive change in lens color from total 
transparency to showing a yellow or brown hue, caused by lens protein degeneration 
(Figure 1.1). As cataract progresses to the end stage, the lens becomes opaque and 
causes mild occlusion (Figure 1.2). This may lead to symptoms such as turbidity, 
visual impairment, watery eyes, and double emphasis.  
 
  For human, the lens of an eye not only function as an automatic adjustment and 
focusing mechanism, it also reduces ultraviolet rays and other harmful rays from 
entering the retina. Keeping the lens transparent and maintaining these functions is 
important for a healthy life. 
 
	
- Figure 1.1 -	
Cloudy lens reduces the amount of light entering the eye (illustrated by the researcher). 
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- Figure 1.2 -	
From left to right, showing the progressive change in lens color from total transparency to brown 
(Sasaki, 2012).	
 		
1.2.1	 Cataract	Diagnosis	
  There are two ways of diagnosis of cataracts, which are based on subjective 
symptoms and ophthalmology examination. Ordinary subjective symptoms may 
contain blurring of vision, overlapping images, and halo. The extent of visual 
impairment varies according to lens opacity. Ophthalmology examination includes 
visual acuity test and slit lamp biomicroscope examination. In case of elderly people, 
in addition to cataract they are highly likely to suffer from other eye diseases at the 
same time. Therefore, intraocular pressure tests and fundus tests are also performed. If 
necessary, visual field tests and omentum potential (ERG) tests are also considered. 
The data of these tests will be used for treatment. 
 
1.2.1.1	 Cataract	Classification	
  Cataract is a condition that causes visual impairment due to the clouding of 
ophthalmic lens, mainly due to the degeneration of lens proteins. There are several 
types of cataracts such as age related, traumatic, and metabolic cataracts. The most 
common type is age-related cataract. An age-related cataract can be further divided 
into nuclear sclerosis, cortical, and posterior subcapsular. 
 
  Nuclear sclerosis is the most common type of age-related cataract, where starting 
from total transparency, the lens gains a yellowish or brownish hue over time. Here 
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“nuclear” refers to the gradual clouding of the central portion of the lens, called the 
nucleus, and “sclerotic” refers to the hardening of the lens nucleus.	 A nuclear 
sclerosis cataract progress and develop slowly, taking long years of development to 
gradually affect vision. 
 
  The "cortex" in cortical cataracts refers to the peripheral (edge) cortex of the lens, 
which becomes cloudy and opaque. The lens will appear like crystalized clefts when 
observing this type of cataracts using slit lamp biomicroscope, and wheel-like white 
lines from the edge periphery toward the center can be observed.	These clefts cause 
light to be scattered into the eyes, creating problems such as blurred vision, glare, and 
decreased contrast (Bollinger KE & Langston RH, 2008).	Cases of cortical cataracts 
can have very different rate of development, some lens cortex (edge) remain 
unchanged for prolonged periods, whereas others progress rapidly. 
 
  Posterior subcapsular cataract has most severe symptom among all types of cataract 
(Sasaki, 2012). In this type of cataract, lens capsules start to become opaque and 
cloudy from the back side. It produces halo effects and glare, which can interfere with 
reading. Posterior subcapsular cataract can develop rapidly and its symptoms can 
become noticeable within months.  
	
- Figure 1.3 -	
Different types of cataract (Kato, 2013). 
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1.2.2	 Visual	Characteristics	of	Cataract	
  Blurry vision at any distance is the most common symptom of cataracts patients. 
Cataracts can lead to poor eyesight, foggy, dazzling, sensitivity to light, and myopia 
(Yanoff & Sassani, 2008). These are the most common visual symptoms of cataracts 
patients. Among them, one the earliest symptom of cataracts is glare (or sensitivity to 
light), where cataracts patients experience trouble seeing in bright sunlight. Driving at 
night may become a problem because of glare caused by streetlights and oncoming 
headlights. Depending on the location and extent of lens opacity, the level of the 
symptoms will be different. If opacity occurs on the periphery of the lens, there will 
not be much impact on visual acuity. However, if the opaque part is in the center of 
the lens, the patients may feel worse visual acuity, blurred vision, and difficulty in 
focusing. Optically speaking, cataracts are caused by changes in the refractive index 
of the lens, resulting in poor visibility due to increased aberrations and scattered 
components (Kawamorita, 2015). 
 
  Cataract can also affect patient’s color vision discrimination (Chang & Chen, 2010; 
Ikeda et al., 2004). Short wavelength (blue) light does not pass through lens as easily 
as other colors (Color Universal Design Organization, 2009). Just like wearing yellow 
or brown sunglasses, cataract can make blue look darker, and white and yellow more 
difficult to distinguish (Ito, 2012). Patients’ vision may gradually take on a brownish 
or yellowish tinge. At first, patients may not notice this discoloration (Hibino, 2014). 
But over time, the hue spectrum of red and purple and the hue spectrum of blue and 
green may become relatively difficult to distinguish (Kawaguchi et al., 2005).  
 
1.2.3	 Cataracts	Treatment	
1.2.3.1	 Medical	Treatment	
  So far there is no drug treatment that can effectively cure cataract. Current drug 
treatment can only delay the symptoms of lens opacity for mild degree of visual 
impairment. For example, Catalin eyedrop is confirmed to be effective in slowing 
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down the progression of cortical cataract for patients under 59 years of age, with the 
condition that their opacification have only spread to less than 20% of the total area of 
the crystalline lens. On the other hand, for patients who have nuclear cataract, 
posterior subcapsular cataract, cortical cataracts with spread of more than 20%, or 
patients over 59 years of age, such slowing effects have not been reported (Kociecki 
et al., 2004).  
 
1.2.3.2	 Surgical	Treatment	
  Cataract surgery can effectively improve the visual function of about 90% of 
patients (Bollinger & Langston, 2008). Patients can discuss with doctor at any stage 
of cataract and select the synthetic lens implant that suits their visual needs.  
 
  There are different types techniques used for cataract surgery. First, 
phacoemulsification is the most widely used method in cataract surgery. In this 
method, a small diameter probe is used to penetrate into the eye and emulsify the lens 
into liquid with ultrasonic wave. The resulting liquid is then sucked away, and at the 
same time the space is filled by irrigating balanced salt solution. After this the IOL is 
implant into the original position of the lens. The incision of phacoemulsification is 
small, and a foldable IOL can be used without the need to suture. The patient's 
recovery time is usually short. In addition, this method uses anesthetic only around 
the eyes, resulting in small side effects (Okamoto, 2012). 
 
  Next, extracapsular cataract extraction (ECCE) is a technique used from 1982 until 
recently. It is performed through a large (usually 10–12 mm) incision implantation 
artificial intraocular lens, but leaving the majority of the lens capsule intact (posterior 
capsule) (Minassian et al., 2001; Henderson, 2007). In recent years, extracapsular 
cataract extraction (ECCE) surgery in Japan is less frequently performed than 
phacoemulsification. However, around the world, phacoemulsification and ECCE are 
both still widely used, especially in India and China, South America and part of 
Europe (Akura, 2012). Although it requires a larger incision and the use of stitches, 
ECCE can be useful when dealing with very hard cataracts or other situations where 
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emulsification can be difficult. 
 
  Finally, intracapsular cataract extraction (ICCE) was the most common operation 
in 1980s for treating cataract, but is now rarely performed (Goes, 2013). ICCE is a 
surgical approach that involves the unitary removal of the lens and surrounding lens 
capsule. Surgery requires a large incision and exerts pressure on the vitreous body, so 
it has relatively high complications. Because of the larger incision, eye drops need to 
be taken for a longer period than after phacoemulsification and aspiration (PEA), and 
corneal astigmatism also takes longer to stabilize (about three months). Nevertheless, 
in cases where the lens is large and hard, and where Zinn's zonule is brittle or 
ruptured, PEA and ECCE can be difficult to apply, and ICCE is often performed 
instead (Nagamoto, 2012). 
 
1.3	 Postoperative	
1.3.1	 Visual	Discomfort	
  Cataract is the most common causes of blindness in the world (Resnikoff et al., 
2004). At the same time, cataract surgery is the most performed surgery in 
ophthalmology. It is an economical way to help the patients to regain their quality of 
life (Porter, 1998). However, after the surgery there is still anesthesia discomfort and 
eye discomfort, such as eyeball movement and squeezing of the eyelids (Patel et al., 
1996). Some patients are afraid of surgery, and delay their treatment (Nijkamp et al., 
2002).  
 
  There are some complications in cataract surgery. The most common minor 
symptom is subsequent cataract, which is due to the fact that the cells remaining in 
the lens proliferate after one or two years and cause visual impairment. Currently, 
there is no precautionary approach, but laser phototherapy can be used to regain 
vision. The other one is cyanosis, also referred to as blue vision. After the removal of 
the yellowish-brown lens, the patient may see a cyan tint, which the complementary 
color of yellow. However, as the eye becomes accustomed to the cyan tint, the 
original vision gradually resumes. Patients with severe cyanosis, are given a yellow or 
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amber eye glasses to improve vision after surgery. There are also more serious 
complications, such as postoperative endophthalmitis. This is due to the proliferation 
of bacteria in the eyes during or after cataract surgery. In this situation, it is necessary 
to seek medical treatment as soon as possible.  
 
  In addition, in recent years, there are various functional intraocular lenses. 
Different products are used during surgery, and the difference in visual status after 
surgery is also worth noting. For example, the use of blue light–filtering intraocular 
lens (IOL) and an ultraviolet (UV) light–filtering IOL can produce differences in 
color discrimination (Chang & Chen, 2010; Schmack et al., 2012). In poor light 
conditions, the yellow lens produces poor color perception and contrast sensitivity 
(Wang et al., 2010). Although the above differences are less clinically significant, if 
patients have other visual discomforts at the same time, it may produce more complex 
symptoms. 
 
1.3.2	 Migraine	 	
1.3.2.1	 Migraine	Classification	
  According to International Classification of Headache Disorders, 2nd edition 
(Headache Classification Subcommittee of the International Headache Society, 2004) 
There are three categories of headache, including (1) The primary headaches, (2) The 
secondary headaches, and (3) cranial neuropathies, central and primary facial pain and 
other headaches. The primary headaches, also known as chronic migraine. The three 
most representative types of this category are migraine, tension-type headache (TTH), 
cluster headache and other trigeminal autonomic cephalalgias. The most common 
secondary headaches are headache attributed to head and / or neck trauma, and 
headache attributed to cranial or cervical vascular disorder. The beta version of third 
edition of the International Classification of Headache has been published (Olesen, 
2013), but its publication was after the design of the study, so the second edition of 
this study was used as a benchmark. 
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  Migraines are divided into seven subclasses (some of which include further 
subdivisions): This study focuses on the primary headaches; the following is the detail 
of this category.  
 
  There are two main types of the primary headaches. One is migraine with aura, and 
the other one if migraine without aura. The latter can be than categorized into six sub 
types: (1) Typical aura with migraine headache, (2) Typical aura with non-migraine 
headache, (3) Typical aura without headache, (4) familial hemiplegic migraine (FHM), 
(5) sporadic hemiplegic migraine, and (6) basilar-type migraine (Headache 
Classification Subcommittee of the International Headache Society, 2004) 
 
1.3.2.2	 Migraine	Symptoms	and	Aura	
  A migraine is a primary headache disorder characterized by recurrent headaches 
that are moderate to severe (World Health Organization, 2016). Typically, one of the 
characteristics of migraine headache is pulsing pain that occurs unilaterally (one side 
of the head). It may last for hours to 1-2 days. Common pains of migraine include 
such as eye pain or forehead pain, as well as severe pain resulting from such activities 
as climbing stairs or taking a heavy load, resulting in a disturbance in daily life 
(Headache Classification Subcommittee of the International Headache Society, 2004). 
Symptoms associated with headache include dizziness in glare, unpleasantness to 
sound and smell. Also, 70% to 80% of patients are accompanied by nausea and 
vomiting. In recent years, it has been reported that the migraine group responded 
significantly more slowly for the S-cone colors. The differences found for the S-cone 
colors are attributed to impaired discrimination of these colors in migraine (Shepherd, 
2006). 
 
  About a third of these people develop visual or olfactory abnormalities or other 
symptoms before migraine attacks, also known as "aura". The so-called "aura" is a 
temporary phenomenon of local nerves. For most patients, the aura will disappear in 
about 60 minutes, with symptoms of headache within 60 minutes of the sign 
(Lauritzen, 1994). Visual symptoms are the most common aura, meaning that flicker 
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occurs in the field of view (migraine aura). Partial changes in vision obstruct vision 
(reading or driving). These visual flickering usually starts near the center of the field 
of view; the lines extend to the left and right, sometimes the perimeter of the dark spot 
becomes invisible (Olsen, 1990). Usually these lines are black and white, but some 
people see colored lines. Some people even lose some of their field of vision, while 
others feel visually blurred.  
 
1.3.2.3	 Migraine	and	Photosensitivity	
  The situation of senile cataract patients with a history of photosensitivity migraine 
is even more complicated. In a case study done by Koyama and Kawamura (2007), 
visual stimulation was causally related to migraine attacks. The patient in the study 
developed frequent migraine symptoms from the age of 30 and began to suffer from 
senile cataract around the age of 60. Her headache and visual aura were significantly 
reduced with the cataract. However, after the implantation of lens from the cataract 
surgery, the symptoms of headache and visual aura returned again on a daily basis. 
This patient felt dizzy with the visual stimulation of the grid pattern in the 
photosensitivity examination and had significant photosensitivity discomfort. 
However, after wearing a pair of brown sunglasses and performing the same test, the 
symptoms of photosensitivity were significantly alleviated. Afterwards, the 
researchers asked the patient to wear polarized sunglasses in her daily live. After 8 
months of examination, they found that the photosensitivity was reduced. 
 
1.4	 Cataracts	and	QOL	
  Elderly people develop vision problems due to vision deterioration (such as 
age-related cataracts), resulting in inconvenience in quality of life. However, the types 
of senile cataracts vary, and the degree of symptoms also varies from person to person, 
making it difficult to predict symptoms based on age (Hibino, 2014). For some people 
the symptoms may not be noticeable even if the deterioration of visual acuity leads to 
a decline in quality of life. In addition, during the progression of cataracts, the 
symptoms of in left and right eyes are also different. Therefore, one eye may have 
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good visual acuity, but the other may have cataracts and affect quality of life and 
visual perception. 
 
When discussing vision and QOL, not only visual effects such as vision and color 
discrimination but also often included are other non-visual effects such as the 
influence on the circadian rhythm of the human body by photoreception of recently 
discovered intrinsically photosensitive retinal ganglion cells, or ipRGC (Hatter et al, 
2002, Berson et al, 2002). In this study, we will mainly investigated and discussed the 
QOL related to the visual effect. 
 
  The relationship between problems in the daily life of elderly people and cataract 
needs special attention. A survey report on the living environment of elderly people of 
the Cabinet Office (2017) pointed out that the second most vulnerable place for 
elderly people in residential environments is the "staircase", while the outdoor 
environment is the most vulnerable to the elderly. The first factor is "the road steps, 
tilt, and narrow sidewalks." Because cataracts can affect the sense of distance and 
spatial visualization ability, the elderly may have trouble navigating around the 
above-mentioned obstacles. Regarding traffic safety of elderly people, the number of 
deaths due to road accidents during Heisei 28 (2016) was 2,138, a decrease of 109 
from the previous year. However, the number of elderly people in the traffic accidents 
accounted for 54.8% of the total, which is the highest in history (Cabinet Office, 
2017). In the meantime, accidents caused by elderly drivers have been a concern in 
recent years. In January 2018, an accident involving an elderly driver was reported in 
Tochigi Prefecture. The families of the driver said that the driver had cataracts many 
years ago and had difficulty in recognizing the right eye. Problems in driving for 
elderly people such as lower contrast sensitivity, which makes it difficult to 
distinguish objects with small differences in brightness are pointed out (Suzuki, 2007).	
Since cataracts may reduce color contrast, the high prevalence of senile cataracts 
among the elderly has become a cause for concern as a result of the traffic accident. 
 
  In addition, cataracts also have concurrent conditions with other eye diseases, such 
as glaucoma. In this case, even in a situation where vision should not have been 
affected, sometimes vision can become blurred, with tired eyes, and headaches that 
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can decrease the quality of life. 
 
1.5	 Attitude	Scales	
  In this study we used various rating scales to measure the patient's status in 
addition to the structural and semi-structured interview, of which four standard 
attitude-scaling methods are shown as follows. All the experiments in this study 
follows the Declaration of Helsinki (World Medical Association, 2013) and is 
approved by the Research Ethics Committee of the Graduate School & Faculty of 
Engineering, Chiba University (千葉大学大学院工学研究科生命倫理審査委員会). 
 
1.5.1	 Migraine	Scale	
  The diagnosis of migraine is usually made according to the second edition of the 
International Classification of Headache Disorders (ICHD-2) criteria (Headache 
Classification Subcommittee of the International Headache Society, 2004). Migraine 
is a common disorder that the patients need to have experienced five or more times in 
a lifetime. Every episode lasts for 4-72 hours, and is accompanied by at least two of 
the following four characteristics: unilateral positioning, pulsatile mass, moderate or 
severe intensity, and general physical activity. In addition, these attacks must be 
associated with at least one of the following symptoms: nausea and / or vomiting, 
photophobia and / or phobia. 
 
1.5.2	 Visual	Discomfort	Scale	
  The Visual Discomfort Scale rating scale measures visual discomfort. Visual 
Discomfort Scale is mainly used to understand the subject's level of visual discomfort 
symptoms (Conlon et al., 1999). In this test, respondents answer 23 questions using a 
4-point continuous scale ranging from 0 (Never) to 3 (Almost always), The total score 
ranges from 0 to 69 points. The Visual Discomfort Scale is a reliable and valid 
measure for testing the extent of these difficulties. 
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1.5.3	 National	Eye	Institute	25-Item	
  The National Eye Institute 25-Item is a measurement scale used for visual acuity. 
The questionnaire includes general vision, eye pain, nearby activities, distance 
activities, social functions, mental health, difficulty in character, dependence, driving, 
peripheral vision (Suzukamo et al., 2005). In this test, participants are asked 25 
questions; each question has six answers and different scores. The subjects will not be 
scored when they do not perform the activity, and thus the answer is treated as 
‘missing’ and an average is calculated from the remaining items. The 25 questions are 
scored from 0, representing lowest satisfaction, to 100, representing highest 
satisfaction.  	
1.5.4	 Farnsworth-Munsell	100	Hue	Test	
  The Farnsworth-Munsell 100 Hue Test is used to measure color discrimination. It 
yields data that can be used for many psychological and industrial problems in color 
vision (Farnsworth, 1957). Farnsworth-Munsell 100 Hue Test consists a total of four 
rows and 85 colored caps that incorporate a complete hue circle, and a score sheet. 
The subjects must arrange each color in one of four rows from the darkest to the 
lightest hue. Each row has two fixed colored caps on both ends of the row (i.e., the 
lightest and darkest caps) as anchors. The time limit for rearranging each row is 2 
minutes. The subjects can move the caps between the two anchors based on their own 
judgement. After the quiz, scoring sheets are completed using the numbers on the 
backs of the color caps in each of the four rows.  
 
  The score for a row is the sum of the differences between the number of that cap 
and the numbers of the caps adjacent to it. After the pattern has been plotted, there are 
various methods of interpreting the results, depending upon the information one 
wishes to gain from the test. A total error between 0 and 20 points indicates superior 
color discrimination, an error between 20 and 100 points denotes normal color 
discrimination, and an error of more than 100 points is low discrimination, and can be 
different for each of the four rows. 
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1.6	 Research	purposes	
  Although improvement of visual function can be expected by surgery treatment, as 
seen from existing literature, there is respective problem regarding QOL of patients 
who do not receive surgery and those who undergo surgery. The concept of universal 
design can be used as a method to provide a more comfortable visual quality of life 
for senile cataract patients. However, in the past, there is no sufficient prior study on 
the problems facing cataract patients in their daily lives, and the design tasks are also 
not clear. In order to provide basic information needed for the design, this study will 
be divided into the following two sections to further understand the daily life issues of 
cataract patients. 
 
  Discussion 1: In 1.3.2.3, we mentioned that patients with migraine headaches cause 
headaches after cataract surgery and negatively affect quality of life. Based on this 
prior research, this study will conduct further investigations for more cases. 
 
  Discussion 2: As mentioned in 1.4, the condition of cataract patients varies 
between individuals and is not easily noticeable. We conducted a survey of perception 
(visual acuity, color vision recognition) and social psychology (quality of life) of 
cataract patients who had not undergone surgery to understand the patients’ feelings 
about their own diseases and quality of life before surgery. 
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Chapter 2: Experiment One: VISUAL DISCOMFORT INDUCED BY 
PHOTOSENSITIVITY IN CATARACT PATIENTS FOLLOWING 
INTRAOCULAR LENS IMPLANT SURGERY 	
 
2.1	 Introduction	
  The etiology of senile cataract, a common cause of visual impairment among the 
elderly, remains to be elucidated. Although the pathogenesis of age-related cataracts 
is multifactorial, a common event is the degeneration of lens proteins, which can be 
observed as a progressive change of lens color, starting from total transparency 
toward a yellowish or brownish hue. As cataract genesis progresses to the terminal 
stage, the lens becomes opaque, causing light obstruction. Other age-related changes 
include decreasing concentrations of glutathione and potassium and increasing 
concentrations of sodium and calcium (Yanoff & Sassani, 2008). 
 
  Currently, cataract patients have high probability to regain their visual acuity and 
color perception via lens implant surgery. The surgery begins with 
phacoemulsification, where an ultrasonically driven tip is used to fragment the 
nucleus of the cataract and aspirate the lens. Recent advancements in intraocular 
technology have given patients the option of flexible multifocal lenses that can be 
controlled by the eye muscles similarly to the original lens, allowing the patient to be 
less dependent on glasses. Most senile cataract patients who undergo intraocular lens 
(IOL) replacement surgery recover their visual acuity and color perception (Chang & 
Chen, 2010; Ikeda et al., 2004). 
 
  The situation is more complicated for patients with both cataract and history of 
migraine headaches. Koyama and Kawamura (Koyama & Kawamura, 2007) 
described a case study where a 73-year-old female patient had a history of 
photosensitive migraine headache. Her headache symptoms decreased significantly as 
the cataract progressed, but the headache symptoms and photosensitivity returned 
following IOL implant surgery. It was therefore hypothesized that the recovery 
process after IOL implant surgery may entail a hypersensitivity to visual stimuli, 
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resulting in symptoms similar to those in migraine patients. The solution to these 
recurrent headache symptoms may be wearing sunglasses for the alleviation of 
migraine and photosensitivity (Lilleng & Bekkelund, 2009). 
 
  To investigate instances of photosensitivity discomfort following cataract surgery, 
we conducted structured interviews with nine patients. Participants were queried 
regarding their habits before and after surgery (e.g., using sunglasses and watching 
TV). We also administered two questionnaires designed to examine any changes in 
migraine symptoms before vs. after surgery, and to measure visual discomfort after 
surgery. 
 
2.2	 Methods	
2.2.1	 Interviewees	
  Nine interviewees (7 women), ranging in age from 65 to 70 years participated in 
our study. All were outpatients at Ming-Ming Ophthalmology Hospital in Changhua 
County, Taiwan and had agreed to participate in this study. 
 
2.2.2	 Measuring	Visual	Acuity	
  Visual acuity was measured using an automatic optometry system (AOS-1200, 
NIDEK Co.). Visual acuity was measured before and after IOL implant surgery. 
 
2.2.3	 Structured	Interviews	
  After each patient’s visual acuity had stabilized following cataract surgery, each 
patient participated in a structured interview consisting of three parts.  
 
  First, we asked the interviewees about their visual-related habits and quality of life 
(QOL), both pre- and post-implant surgery. Second, we surveyed their experiences 
with migraine headaches as defined in the International Classification of Headache 
Disorders 2nd Edition (ICHD-2) (Headache Classification Subcommittee of the 
International Headache Society, 2004), pre- vs. post-surgery. Finally, we used the 
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Visual Discomfort Scale (VDS) developed by Conlon et al. (Conlon et al., 1999) to 
measure the visual discomfort experienced after implantation. 
 
2.2.3.1	 Visual-related	Habits	and	QOL	
  Interviewees freely described how they felt about the changes in their visual ability 
and other daily habits before vs. after IOL implant surgery. Then, we asked the 
interviewees about their visual-related habits in terms of how many hours per day 
were spent watching TV, computer usage, reading, and wearing sunglasses, pre- vs. 
post-surgery. 
 
2.2.3.2	 Migraine	Criteria	
  Participant responses were evaluated according to the ICHD-2 diagnostic criteria 
(Headache Classification Subcommittee of the International Headache Society, 2004). 
These criteria are summarized below. 
 
  The diagnosis of migraine required the patients to have experienced five or more 
attacks in a lifetime. Each attack was required to last 4–72 hours and had to be 
accompanied by at least two of the following four characteristics: (1) unilateral 
location, (2) pulsating quality, (3) moderate or severe intensity, and (4) aggravation 
by routine physical activity. In addition, the attacks had to be associated with at least 
one of the following symptoms: (1) nausea and/or vomiting, (2) photophobia and/or 
phonophobia. 
 
2.2.3.3	 Visual	Discomfort	Scale	
  Visual Discomfort Scale was used to measure visual discomfort (Conlon et al., 
1999). Respondents answered 23 questions using a 4-point continuous scale ranging 
from 0 (Never) to 3 (Almost always). Therefore, VDS scores ranged from 0 to 69. 
	 26	
The words “Often” and “Occasionally” separated these extremes. “Occasionally” was 
classified as once or twice per year and “Often” as every few weeks. Respondents 
were instructed to mark the most appropriate point between the extremes on the scale. 
 
2.3	 Results	
2.3.1	 Measuring	Visual	Acuity	
  Prior to cataract extraction, visual acuity was low in all subjects, typically less than 
0.2 (decimal visual acuity). After the IOL implant surgery, vision improved 
significantly to 0.6 and above for all patients (Table 2.1). Table 2.1 also specifies the 
types of IOLs used. 
 
- Table 2.1 - 
Visual acuity in cataract patients before and after IOL implantation and the types of IOL.	
	
 
  
Patients Before the surgery After the surgery Type of IOL Left Right Left Right 
A 0.10 0.10 0.80 0.80 (LR) Bausch & Lomb: SoFlex SE (colorless) 
B 0.40 0.20 0.80 0.70 (LR) Bausch & Lomb: SoFlex SE (colorless) 
C 0.30 0.10 0.90 0.60 
(L) Bausch & Lomb: SofPort 
IOL (colorless) 
(R) Bausch & Lomb: SoFlex 
SE (colorless) 
D 0.05 0.20 0.70 0.70 (LR) Alcon: AcrySof IQ SN60WF (yellow-tinted) 
E 0.05 0.05 0.80 0.60 (LR) Alcon: AcrySof IQ SN60WF (yellow-tinted) 
F 0.10 0.20 0.90 0.80 (LR) Bausch & Lomb: SoFlex SE (colorless) 
G 0.10 0.05 0.80 0.70 
(L) Bausch & Lomb: SofPort 
IOL (colorless) 
(R) Bausch & Lomb: SoFlex 
SE (colorless) 
H 0.10 0.10 0.80 0.70 (LR) Bausch & Lomb: SoFlex SE (colorless) 
I 0.20 0.20 1.00 0.80 (LR) Alcon: AcrySof IQ SN60WF (yellow-tinted) 
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- Table 2.2 - 
Subjective experience after IOL implantation. Patients E, G, H, and I described worse changes such as 
tearing and dry eyes (gray patches).	
 
- Table 2.3 - 
Visual-related habits in hour(s) per day before and after IOL implantation. Patients G and H reported 
differences in the time spent watching TV and/or wearing sunglasses (gray patches).	
	 	
Patients Do you observe any changes in visual ability and/or daily habits 
after the IOL implantation? 
A Seeing more clearly after the surgery. 
B No. 
C Seeing more clearly after the surgery. 
D 
Visual acuity was not good before the surgery, for example, 
misoperating an ATM when withdrawing money. Having better visual 
ability after the surgery. 
E 
Before the surgery, unable to ride bicycles and could not clearly see 
objects in low light. After the surgery, experienced tearing and cloudy 
vision. 
F Visual acuity recovered to normal and can read as usual. 
G Complains of dry eyes, tearing, and burning. 
H Tearing for 2 years after the surgery. 
I Seeing more clearly but tearing after the surgery. 
Patients 
TV watching Computer usage Reading Wearing 
sunglasses 
Before After Before After Before After Before After 
A 1.0 1.0 0.0 0.0 1.5 1.5 3.0 3.0 
B 3.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
C 10.0 10.0 0.0 0.0 0.0 0.0 2.0 2.0 
D 1.0 1.0 0.0 0.0 2.0 2.0 1.5 1.5 
E 2.0 2.0 0.0 0.0 1.0 1.0 2.0 2.0 
F 3.0 3.0 0.0 0.0 1.0 1.0 0.0 0.0 
G 4.0 1.0 0.0 0.0 0.0 0.0 0.0 3.0 
H 3.0 3.0 0.0 0.0 1.0 1.0 0.0 4.0 
I 2.0 2.0 0.0 0.0 1.0 1.0 0.0 0.0 
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2.3.2	 Structured	Interviews	
2.3.2.1	 Visual-related	Habits	and	QOL	
Tables 2.2 and 2.3 present information on how the patients changed their visual 
habits after surgery. Table 2.2 shows that most reported improved visual quality (e.g., 
“seeing more clearly after the surgery”), while E, G, H, and I reported symptoms such 
as tearing and dry eyes. Table 2.3 shows that patient G spent less time watching TV 
after surgery, and patients G and H spent more time wearing sunglasses by 3 and 4 
hours a day, respectively. 
 
2.3.2.2	 Migraine	Criteria	 	
  None of the patients matched the ICHD-2 diagnostic criteria for migraine nor any 
other chronic headache either before or after surgery. 
 
2.3.2.3	 Visual	Discomfort	Scale	
  Table 2.4 presents the VDS questionnaire items used in the study and the 
distribution of responses regarding the patients felt after their surgeries. VDS scores 
were calculated for each patient. All of the patients achieved moderate VDS scores 
(Figure 2.1). In previous studies (Conlon et al., 1999; Borsting et al., 2007), 
respondents with VDS scores between 0 and 24 were categorized as having slight 
visual discomfort. In the present study, the highest score was 17 (Patient E), and the 
mean VDS score was 7.7 (SD = 6.0). Therefore, all of our patients were considered to 
have slight discomfort. 
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- Table 2.4 - 
Visual Discomfort Scale (Conlon et al., 1999) items used in personal interviews after the surgery.	
Visual Discomfort Scale Never Occasionally Often Almost  always 
1. 
When viewing a striped pattern, do your eyes ever feel 
watery, red, sore, strained, tired, dry, or gritty, or do you 
rub them a lot? 
5 4 0 0 
2. 
After reading a newspaper or magazine with clear print, 
do your eyes ever feel watery, red, sore, strained, tired, 
dry or gritty? 
6 3 0 0 
3. When working under a fluorescent light, do your eyes ever feel watery, red, sore, strained, tired, dry or gritty? 
4 4 1 0 
4. How often do you get a headache when working under a fluorescent light? 6 2 0 1 
5. Do you ever get a headache when reading a newspaper or magazine with clear print? 6 3 0 0 
6. When reading, do you ever unintentionally re-read the same words on a line of text? 9 0 0 0 
7. Do you have to use a pencil or your finger to keep from losing your place when reading a page of text? 9 0 0 0 
8. When reading, do you ever unintentionally reread the same line? 9 0 0 0 
9. When reading, do you ever have to squint to stop the text from becoming blurry or going out of focus? 4 4 1 0 
10. When reading, do the words ever seem to fade into the background and then reappear? 7 2 0 0 
11. Do letters or words on a page of text ever go blurry when you are reading? 
3 5 1 0 
12. Do letters or words on a page ever appear as double images when you are reading? 
7 2 0 0 
13. When reading, do the words on a page ever begin to move or float? 
7 2 0 0 
14. When reading, do you ever have difficulty keeping the words in focus? 9 0 0 0 
15. 
When reading a page consisting of black print on white 
letters, does the background ever seem to overtake the 
letters, thus making them hard to read? 
8 1 0 0 
16. 
When reading black print on a white background, do you 
ever have to move the page around, or continually blink 
to avoid glare that seems to come from the background? 
7 0 1 1 
17. Do you ever have difficulty seeing more than one or two words on a line in focus? 9 0 0 0 
18. Do you ever have difficulty reading words on a page of text because they begin to flicker or shimmer? 7 1 1 0 
19. 
When reading under fluorescent lights or in bright 
sunlight, does the glare from white glossy pages cause 
you to continually move the page around so that you can 
see the words clearly? 
4 3 1 1 
20. 
Do you ever have to move your eyes around a page, or 
continually blink or rub your eyes in order to make the 
text easy to read? 
4 3 1 1 
21. 
Does the white background behind the text ever appear to 
move, flicker, or shimmer, thus making the letters hard to 
read? 
7 2 0 0 
22. When reading, do the words or letters in the words ever appear to spread out or move apart? 9 0 0 0 
23. Do you find reading a slow task as a result of any of the above difficulties? 6 2 0 
１ 
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- Figure 2.1 -	
Visual Discomfort Scale scores of the patients. 	
2.4	 Discussion	
   IOL implant surgery clearly improved visual acuity for the patients interviewed, 
as shown in Table 1, and accordingly raises the QOL in patients with senile cataract. 
However, patients E, G, H, and I experienced symptoms such as tearing and dry eyes 
after the surgery. In particular, patients G and H spent less time watching TV and 
more time wearing sunglasses after the procedure. These changes suggest that they 
became fatigued easily and occasionally suffered from hypersensitivity to visual 
stimuli and sunlight. Patient E also reported cloudy vision, which can be a symptom 
of negative dysphotopsia (ND) (Davison, 2000). The patient was not diagnosed with 
ND because he had not seen arc-shaped shadows in his temporal visual field, which is 
another typical symptom of ND. Further investigation is needed. 
 
  These reported symptoms and changes in patients’ visual-related habits might 
reflect new or recurrent photosensitivity. Notably, patients with migraine are also 
known to be susceptible to photosensitivity and visual discomfort (Marcus & Soso, 
1989; Mulleners et al., 2001). A previous case report (Koyama & Kawamura, 2007) 
showed that a patient treated for senile cataract with a history of migraine headache 
and photosensitivity had suffered an immediate relapse. One possible explanation for 
this case is that the clearer visual perception and the brighter visual signal inputs from 
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the environment after IOL implant surgery resulted in photosensitivity and visual 
discomfort. 
 
2.5	 Conclusions	
  In the present study, we identified four patients with senile cataracts who reported 
photosensitivity and changes in their visual-related habits following IOL implant 
surgery. Our case study suggests that IOL implantation not only improved the patients’ 
visual function and QOL, but may have also increased photosensitivity and visual 
discomfort. However, the relationships between migraine, IOL implant surgery, and 
photosensitivity and visual discomfort are still unclear. Future studies including 
patients with history of migraine prior to cataract surgery will be necessary to 
elucidate the causal relationships among IOL implantation, photosensitivity, visual 
discomfort, and migraine.  
 
The effect of IOL color on photosensitivity and visual discomfort should also be 
studied. Yellow-tinted IOLs have been associated with high contrast sensitivity (Liu 
et al., 2013) and superior visual function than that obtained with colorless IOLs (Lin 
et al., 2008). However, our results suggest that in some visually sensitive patients with 
yellow-tinted IOLs, improved contrast sensitivity and visual function 
may—counter-intuitively—increase visual discomfort.  
 
Finally, patients’ QOL after IOL implantation should be studied more widely. 
Although the present study focused on photosensitivity and visual discomfort, these 
are only two aspects of the patient’s QOL. A broader evaluation of QOL could 
investigate driving and general health status using the Visual Function Questionnaire 
(VFQ-25) (Mangione et al., 2001). 
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Chapter 3: Experiment Two: Visual Acuity, Color Discrimination, and Quality 
of Life in Patients with Cataract: Towards a Comfortable Lifestyle 
 
 
3.1	 Introduction	
  The visual system allows us to perceive the external world, avoid dangerous 
situations, interact with others, and enjoy affective states (e.g., visual art). Affective 
engineering (e.g., Ichikawa et al., 2006; Imaizumi et al., 2016) and 
psychophysiological (e.g., (Bruce et al., 2003)) studies have sought to investigate 
aspects of human vision, including visual acuity and color perception. Some 
individuals have visual disturbances due not only to injury and disease but also to 
aging (e.g., senile cataract). This study furthers the much-needed investigation of the 
impact of senile cataracts, before and after the use of corrective lenses, on visual 
acuity and some aspects of quality of life. 
 
3.1.1	 Senile	Cataracts	and	Perceptual	Disturbances	
  Senile cataracts are common causes of visual impairment in the elderly, yet their 
etiology remains to be elucidated. Although the pathogenesis of senile cataracts is 
multi-factorial, one common event is the degeneration of lens proteins due to aging; 
this may lead to symptoms such as turbidity, dimmed vision, teary eyes, and double 
vision. Furthermore, the color of the lenses changes from fully transparent, first to 
yellow and then to brown. As cataracts progress to the terminal stage, lenses become 
opaque, which leads to blindness (Yanoff & Sassani, 2008). In senile cataract patients 
with low visual acuity, color discrimination is also affected (Chang & Chen, 2010; 
Ikeda et al., 2004). In particular, discrimination within the red and purple hue 
spectrum, and within the blue and green hue spectrum, is relatively difficult 
(Kawaguchi et al., 2005). 
 
3.1.2	 Alternatives	to	Surgical	Treatment	of	Cataracts	
Intraocular lens implant surgery can restore visual acuity in patients with cataract. 
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However, not all patients choose to undergo surgery. In the majority of senile cataract 
cases, visual decline is so gradual that many patients may not notice the change until 
it is severe. The rate of progression and age of onset varies among individuals, 
making it difficult to predict symptoms based on age (Hibino, 2014). Patients’ 
emotional conditions (e.g. fear, anxiety (Nijkamp et al., 2002)) can affect their 
decisions about surgery. Those who choose not to undergo surgery let their cataracts 
remain untreated. Instead, they usually wear glasses to correct their vision to 
acceptable levels.  
 
An affective engineering study developed a tool to provide detailed information 
about the surgery in order to alleviate the fears of patients and encourage them to 
undergo surgery (Oh et al., 2014). However, the effect of this tool has yet been 
empirically demonstrated. Moreover, to date, little has been published regarding 
attitudes towards surgery, quality of life, and other psychosocial factors in patients 
with senile cataract, especially those who decide not to undergo surgery. Therefore, 
development of alternative approaches to continuously improve the psychosocial 
status of patients with senile cataract is a pressing concern. 
 
For other intractable visual disorders, such as congenital color blindness, products 
using color universal design (e.g., video displays and traffic signs (Color Universal 
Design Organization, 2009)) have been developed. More studies are needed to 
investigate the daily problems experienced by senile cataract patients who decline 
intraocular lens implant surgery, and to develop tools and/or frameworks to enhance 
their quality of life (QOL). This study explores some of these fundamental issues. 
 
3.1.3	 Current	Study	
Our investigation focused on perceptual (i.e., visual acuity, color discrimination) 
and psychosocial (i.e., QOL) issues in senile cataract patients. We conducted 
semi-structured interviews asking subjects about their visual experience after using 
corrective lenses (e.g., color discrimination), their feelings about their own disease, 
and possible daily problems. The administration of a questionnaire assessing 
vision-related QOL and a color discrimination test supplemented the interviews.  
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3.2	 Methods	
3.2.1	 Interviewees	
Thirty-nine interviewees (23 females) participated in this study; the subjects were 
between the ages 60–79 (mean age 72.1 ± 3.45 years), and had not yet undergone 
surgery for senile cataract. Visual acuity was measured using an automatic optometry 
system (AOS-1200, NIDEK Co., Aichi, Japan). All patients received visual acuity 
correction at the Shisui Ophthalmology Hospital in Chiba, Japan, and consented to 
participation in this study. 
 
3.2.2	 Data	Collection	
After the participants’ vision had been stabilized using corrective lenses, each 
participated in a semi-structured interview comprising three parts. 
 
Firstly, we asked the interviewees about their visual-related habits, QOL, and color 
vision. Next, we surveyed their experiences with vision after they had used corrective 
lenses; these experiences are defined in the National Eye Institute 25-Item Visual 
Function Questionnaire (NEI VFQ-25) (Suzukamo et al., 2005). Finally, we 
conducted the Farnsworth-Munsell 100 Hue Test (FM-100 Hue Test) (Farnsworth, 
1957) to measure color discrimination. 
 
3.2.2.1	 Semi-Structured	Interview	
We conducted semi-structured interviews in which every subject was asked to freely 
described how they felt about changes in their vision (e.g., visual acuity, color 
discrimination) and other daily habits after using corrective lenses. Based on their 
answers, the interviewers asked additional detailed questions. Each interview lasted 
for about ten minutes and was recorded in an audio form. The audio recordings were 
transcribed by the researcher. The interviewer extracted contents within the 
	 35	
transcriptions that were related to vision, and classified the interview contents into 
categories based on NEI VFQ-25 measurement. 
 
3.2.2.2	 National	Eye	Institute	25-Item	Visual	Function	Questionnaire	
The participant’s responses were evaluated using the NEI VFQ-25 diagnostic 
criteria (Suzukamo et al., 2005). The NEI VFQ-25 consists of multi-list subscales that 
pertain directly to visual function; namely, General Health, General Vision, Ocular 
Pain, Near Activities, Distance Activities, Social Functioning, Mental Health, Role 
Difficulties, Dependency, Driving, Color Vision, and Peripheral Vision. These 12 
areas measure the extent of the limitations in the respondent’s physical, mental, and 
social life. Respondents are asked 25 questions, each with six possible answers that 
are assigned a different score. The sixth answer indicates that a patient does not 
perform the activity in question, and thus the answer is treated as ‘missing’ and an 
average is calculated from the remaining items; for example, not all the respondents 
drove, and those who did not were unable to answer questions related to driving. The 
25 questions are scored from 0, representing lowest satisfaction, to 100, representing 
highest satisfaction. 
 
3.2.2.3	 Farnsworth-Munsell	100	Hue	Test	
The FM-100 Hue Test was used to measure color discrimination (Farnsworth, 1957). 
The materials in this test comprise a total of 85 colored caps that incorporate a 
complete hue circle, and a score sheet. The participant must arrange each color in one 
of four rows from the darkest to the lightest hue. The caps at the ends of the rows (i.e., 
the lightest and darkest caps) are fixed in position to serve as anchors, while the 
remaining caps can be moved as the participant sees fit. After the quiz, scoring sheets 
are completed using the numbers on the backs of the color caps in each of the four ca- 
ses. 
 
The score for a cap is the sum of the differences between the number of that cap and 
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the numbers of the caps adjacent to it. A total error between 0 and 20 points indicates 
superior color discrimination, an error between 20 and 100 points denotes normal 
color discrimination, and an error of more than 100 points shows low color 
discrimination. 
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3.3	 Results	
- Table 3.1 - 
Visual acuity and the vision-related experiences of cataract patients (Group A & B).	
Patient 
ID 
Visual acuity 
after using 
corrective lenses 
Will to 
undergo 
surgery 
NEI 
VFQ-25 
category 
Noticeable answers by patients for the question “how do you 
think the visual ability and color vision of your eyes?” 
 
A-1 
A-2 
(L) 
0.7 
0.7 
(R) 
0.7 
0.7 
 
No 
No 
Ocular 
Pain 
I rarely watch TV. Whenever I do, I get tired and my right eye 
keeps tearing. (A-1) 
Distance 
Activities 
I am scared of riding a bicycle because my eyes are blurry and I 
cannot see well. (A-2) 
Near 
Activities I can see the subtitles on the TV if I get close enough. (A-2) 
Social 
Functioni
ng 
I cannot recognize others’ faces well, so it is difficult to 
remember people’s names when I meet them. (A-2) 
Color 
Vision 
Recognizing color… I can see it if I am close enough, but it 
becomes difficult if the object gets further away. (A-2) 
 
B-1 
B-2 
B-3 
B-4 
B-5 
(L) 
0.6 
0.6 
0.6 
0.3 
0.8 
(R) 
0.8 
0.8 
0.8 
0.8 
0.7 
 
Yes 
Yes 
No 
No 
No 
General 
Vision 
Even though I can still see, I feel visual discomfort… or a dizzy 
feeling. I cannot describe it clearly; anyway, my vision is poor. 
My eyes are blurred, and the left eye especially feels dazzled. 
(B-1) 
My visual acuity is becoming worse; it is hard to see things and 
everything is hazy. The visual acuity in my left eye has fallen. 
(B-2) 
When I am tired I feel my visual acuity falls. My vision becomes 
cloudy. (B-3) 
I feel bleary-eyed, and words look like they overlap when I am 
reading. It feels bad. (B-5) 
Ocular 
Pain 
Both eyes sometimes feel itchy and painful. (B-4) 
My eyes feel itchy and it feels like some objects have fallen into 
my eye. (B-3) 
My eyes feel itchy. (B-5) 
Near 
Activities I almost cannot read things written in small print. (B-3) 
Distance 
Activities 
Because I have difficulty seeing things and my legs are not good, 
I get exhausted going downstairs. (B-4) 
Mental 
Health 
I still worry about the surgery, but I would like to accept it and 
get healed. (B-2) 
There is no other person who can help me. (B-3) 
Role 
Difficulti
es 
I play sports regularly, so I want to accept the surgery as soon as 
possible. (B-1) 
Driving I stopped driving at night. My field of view has become narrower. I use sunglasses. Both eyes are blurry. (B-5) 
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- Table 3.2 -	
Visual acuity and the vision-related experiences of cataract patients (Group C).	
Patient 
ID 
Visual acuity 
after using 
corrective lenses 
Will to 
undergo 
surgery 
NEI 
VFQ-25 
category 
Noticeable answers by patients for the question “how do you 
think the visual ability and color vision of your eyes?” 
 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
(L) 
0.9 
0.7 
0.9 
0.9 
0.9 
0.8 
(R) 
0.9 
0.9 
0.4 
0.8 
0.3 
0.9 
 
 
 
 
 
No 
Yes 
No 
No 
Yes 
No 
 
 
 
General 
Vision 
It is difficult to see things, so I had new glasses made. (C-1) 
At first I felt my visual acuity was not good, and gradually the 
center of my vision became blurred. Now I cannot live without 
glasses. (C-2) 
My presbyopia influences my QOL more. When I lack sleep or 
am getting tired, my vision is not clear, sometimes feeling 
blurred. (C-3) 
I feel a difference between the right and left eyes. The right eye 
experienced retinal detachment and received laser treatment. I 
still use glasses; also, the visual acuity in my right eye is less 
than half that in my left eye from that time on. (C-5) 
Visual acuity is not as good as before. I had new glasses made. 
My vision is cloudy. (C-6) 
Ocular 
Pain 
It feels itchy. (C-1) 
My right eye feels fatigue and pain, and it cannot see well. I 
have dry eyes. They are blurry and it feels like something is 
inside them. (C-2) 
I cannot see clearly. My left eye feels itchy, and it becomes 
teary in a cold wind. (C-3) 
I sometimes feel pain. (C-5) 
Near 
Activities 
Recently, I feel my visual acuity is not good. I have difficulty 
reading the newspaper and I need glasses. (C-1) 
My right eye feels blurred, even when I use glasses, so it is hard 
for me to read the newspaper. (C-2) 
I can't read small print without wearing glasses. (C-3) 
It is difficult to read books. (C-6) 
Distance 
Activities 
My vision is not clear, even when I use glasses to watch TV; 
also, I can’t see the subtitles. (C-2) 
Mental 
Health 
I feel anxiety about the surgery, so I don’t want to do it. (C-5) 
Surgery is not an option now, but if it becomes necessary, I 
might be afraid of it. (C-6) 
Driving When I drive, I have to slow down to read road signs with small text. (C-1) 
Color 
Vision 
I have no experience of color perception test, so I'm not sure. 
(C-5) 									
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- Table 3.3 -	
Visual acuity and the vision-related experiences of cataract patients (Group D).	
Patient 
ID 
Visual acuity 
after using 
corrective 
lenses 
Will to 
undergo 
surgery 
NEI 
VFQ-25 
category 
Noticeable answers by patients for the question “how do you 
think the visual ability and color vision of your eyes?” 
 
D-1 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
D-8 
D-9 
D-10 
(L) 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
0.5 
0.8 
0.7 
1.0 
(R) 
0.9 
1.0 
0.6 
0.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
 
No 
No 
No 
No 
No 
No 
Yes 
No 
Yes 
No 
General 
Health 
The eye doctor recommends I accept surgery as soon as 
possible. (D-3) 
General 
Vision 
I have white boils in my left eye. (D-1) 
Since a year ago, it has been difficult to see near objects without 
glasses; I have to wear reading glasses to see clearly. (D-2) 
I need glasses every day. My vision feels especially blurred 
when I get tired. (D-3) 
Both my eyes are hazy and cannot see well. (D-4) 
I experience glare. (D-5) 
I use glasses so there is no big problem, although I feel tired 
sometimes. (D-6) 
It does not cause much trouble for daily life; sometimes my 
vision is a little unclear. (D-7) 
I was not aware of my cataract. When reading books or 
magazines I thought that my glasses were dirty and wiped them 
frequently. (D-9) 
I’m wondering how bad my eyes have become. I see less clearly 
than before. (D-10) 
Ocular 
Pain 
I feel something in my right eye. (D-1) 
My right eye is blurry, and I feel tearing, a stinging pain, and 
haze. (D-3) 
My eyes are cloudy and they tear frequently. My left eye is 
sensitive to light, and it is hard to keep it open. (D-5) 
Both my eyes tear, and I feel something inside them. (D-4) 
I have pain in the right eye. (D-6) 
I feel some grit in the left eye; pain and tearing in both eyes. 
(D-7) 
I have pain in both eyes, especially in the afternoon. They are 
itchy. (D-9) 
I feel like something is inside my right eye. (D-10) 
Near 
Activities 
When I wear clothes it is difficult to button a shirt. (D-3) 
If I did not wear glasses, I would not even be able to read words. 
(D-4) 
My eyes get tired easily whenever I use the computer. It is 
difficult to see near objects. (D-6) 
It is getting much more difficult to read books than before. 
Especially when reading small words. (D-7) 
Half a year ago, I started using eyeglasses and reading glasses 
together to read the newspaper. Recently, I have only been able 
to read large words when shopping. It is troublesome to read 
those written in small print, so I read them less than before. 
(D-2) 
Distance 
Activities 
It is difficult to read small words such as the train timetable. I 
feel something inside my right eye. (D-1) 
I didn't notice my cataract. After having the cataract for a few 
years, it was difficult to see the subtitles when I watched TV 
from a long distance. (D-4)  
It is difficult to see things from far away. (D-5) 
I feel my vision is blurrier than before, and it is becoming 
narrower. It is hard to watch TV if the screen is too bright, 
because the reflection is too strong. (D-8) 
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- Table 3.3(cont.) - 
Visual acuity and the vision-related experiences of cataract patients (Group D). 
 
D-1 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
D-8 
D-9 
D-10 
(L) 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
0.5 
0.8 
0.7 
1.0 
(R) 
0.9 
1.0 
0.6 
0.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
 
 
 
No 
No 
No 
No 
No 
No 
Yes 
No 
Yes 
No 
 
 
Mental 
Health 
I was afraid of the surgery. (D-2) 
I can see things whenever I wear glasses, and I will do it this way 
until I can’t see without the surgery. At that time, I will have to 
have the surgery, and maybe I will be more worried about it. 
(D-3) 
It’s about my eyes so it’s better to have the surgery, even though 
I am worried about it. My friend recommended that I have it, so I 
would do that. (D-4)  
Driving 
Since last year, I have felt dazzled when I drive in the daytime, 
so now I wear sunglasses. (D-3) 
When driving at night, if a car comes on the opposite side with 
the full-beam lamp on, it is so dazzling. When driving in the 
daytime it’s hard to see the road signs if the sunlight is too 
strong, so I always wear sunglasses. (D-9) 
Color 
Vision 
I have blurred vision in my right eyes. I think I recognize colors 
normally. (D-2) 
I can see it if the subtitles are white and the background is black, 
but if the background is other colors, it can be hard to read 
depending on the color of the subtitles. (D-4) 
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- Table 3.4 -	
Visual acuity and the vision-related experiences of cataract patients (Group E).	
Patient 
ID 
Visual acuity 
after using 
corrective  
lenses 
Will to 
undergo 
surgery 
NEI 
VFQ-25 
category 
Noticeable answers by patients for the question “how do you 
think the visual ability and color vision of your eyes?” 
 
E-1 
E-2 
E-3 
E-4 
E-5 
E-6 
E-7 
E-8 
(L) 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
0.8 
1.2 
(R) 
1.2 
0.7 
1.2 
1.0 
1.2 
1.0 
1.2 
1.0 
 
No 
No 
No 
No 
No 
No 
Yes 
No 
General 
Vision 
Without glasses, I see worse than before. I feel like the TV is 
becoming paler. My eyes feel blurry; the left eye gets tired 
easily and the right one often feels like I’ve got some grit in it. 
(E-1) 
My vision always feels foggy. (E-3) 
I wear glasses every day; it is becoming part of my life. My eyes 
feel tired and I cannot see well. (E-5) 
Since I have used glasses, I feel no abnormal visual acuity. (E-6) 
The hospital’s report says that my visual acuity is no worse than 
before, but I still feel it’s hard to see in my left eye. (E-7) 
I can watch TV normally. Also, I can read the newspaper well 
with reading glasses. Although my right eye feels a little blurry, 
my left eye sees clearly. (E-8) 
Ocular 
Pain 
I have pain in the right eye. (E-2) 
When my intraocular pressure is high, both my eyes feel tired. 
(E-3) 
My eyes have become red, and I feel something inside them. 
(E-4) 
Near 
Activities 
Usually I don’t use glasses; only if need them (e.g., when I go 
out at night). Small text is too hard to read, so I don’t read it at 
all. (E-2) 
I think my condition is not bad, but I use glasses when reading 
small words. (E-4) 
My eyes get tired easily when I read the newspaper. (E-8) 
Mental 
Health 
Because I felt so scared, I asked my friends’ advice and referred 
to this hospital. (E-1) 
It’s a cataract, I have no choice but to accept the surgery. (E-8) 
Role 
Difficulti
es 
I don’t like to carry glasses; also, I want to do daily stuff by 
myself, so it’s better for me to have the surgery to cure my visual 
ability. (E-7) 
Driving 
I feel scared, especially when it is in dark. The morning and 
evening times are the scariest periods. When driving it is 
dazzling, so I wear sunglasses. (E-5) 
Color 
Vision 
When I watch TV, I feel like the color has become lighter than 
before. (E-1) 			 	
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- Table 3.5 -	
Visual acuity and the vision-related experiences of cataract patients (Group F).	
Patient 
ID 
Visual acuity 
after using 
corrective 
lenses 
Will to 
undergo 
surgery 
NEI 
VFQ-25 
category 
Noticeable answers by patients for the question “how do you 
think the visual ability and color vision of your eyes?” 
 
 
F-1 
F-2 
F-3 
F-4 
F-5 
F-6 
F-7 
F-8 
 
 
(L) 
1.5 
1.2 
1.5 
1.5 
1.0 
1.2 
1.2 
1.5 
 
(R) 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.2 
 
 
Yes 
No 
No 
No 
No 
No 
No 
No 
 
 
General 
Vision 
I feel I’m in good condition! However, I forgot my glasses 2 or 3 
times when shopping and I mistook a 6 for an 8 on the price tag. 
(F-1) 
Recently, I had new reading glasses made, so I'm carrying 2 pairs 
of glasses every day. Sometimes I go shopping without glasses, 
and I have mistaken a 3 for an 8 and a 5 for a 6 on the price tag 
many times. (F-2) 
Sometimes my vision feels tired and blurred if I do not wear 
glasses. The vision in my left eye is not clear; the eye gets tired 
easily, and I feel like something is inside it. (F-4) 
I only wear glasses when I cannot see normally. I see something 
grey with my right eye. (F-5) 
At the beginning it felt like some dirt was in my eyes. I don’t 
think it’s hard to see things, but for these last 3 to 4 years, I have 
gradually been unable to work without glasses. (F-6) 
I can see normally if I wear glasses. Recently, the old glasses 
didn’t suit my eyes’ condition, so I had new glasses made. (F-7) 
Ocular 
Pain 
I have pain in both eyes, and red-eye. (F-1) 
I feel like something is inside the right eye. (F-6) 
I have pain and tearing in my left eyes before wearing corrective 
lenses. (F-8) 
Near 
Activities 
I require glasses for detailed work. Now I wear my glasses all 
day. (F-4) 
I used to love to read, but because the words are too small now, 
I don’t read much anymore. (F-7) 															
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3.3.1	 Visual	Acuity	
At the beginning of the interviews, without corrective lenses, all subjects had low 
visual acuity. After using corrective lenses, their vision improved by at least 0.7 
(decimal visual acuity, Table 3.1 to 3.5). 
 
3.3.2	 Semi-Structured	Interview	
 Table 3.1 to 3.5 presents information regarding how the patients felt about their 
visual ability in the interviews. Their feedbacks are divided into six groups based on 
binocular visual acuity; patients with visual acuity between 0.7–1.5 were classified 
into the groups A–F, respectively. The feedbacks were then organized according to 
NEI VFQ-25 categories (Table 3.6). 
 
- Table 3.6 - 
Counts of patients’ feedback in each NEI VFQ-25 category 
General 
Health 
General 
Vision Ocular Pain 
Near 
Activities 
Distance 
Activities 
Social 
Functioning 
Mental 
Health 
Role 
Difficulties Dependency Driving 
Color 
Vision 
Peripheral 
Vision 
1 
(2%) 
30 
(77%) 
22 
(56%) 
14 
(36%) 
7 
(18%) 
1  
(2%) 
9 
(23%) 
2 
(5%) 
0 
(0%) 
5 
(13%) 
5 
(13%) 
0 
(0%) 
 
General Vision (76.9%), Ocular Pain (56.4%), and Near Activities (35.8%) were the 
three subscales that contained the most patient complaints. Nineteen patients reported 
a clear degradation of eyesight in one eye, as well as the need for corrective lenses in 
their daily lives. For example, patient D-3 remarked about General Vision that 
“Glasses are necessary every day. Vision is especially blurred when I am tired”; with 
regard to Ocular Pain, “my right eye is blurry, and I feel tearing, stinging pain, and 
haze”; and in terms of Near Activities: “when I am dressing, it is difficult to button 
my shirt.” 
	
In decreasing order of frequency, the remaining patient complaints were: Mental 
Health (23.0%), Distance Activities (17.9%), Driving (12.8%), Color Vision (12.8%), 
Role Difficulties (5.1%), General Health (2.5%), and Social Functioning (2.5%). 
Dependency and Peripheral Vision were not mentioned by any patient. Furthermore, 
only eight patients indicated a willingness to undergo surgery.  
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3.3.3	 National	Eye	Institute	25-Item	Visual	Function	Questionnaire	
  Table 3.7 presents the NEI VFQ-25 questionnaire items used in this study, as well 
as the distribution of responses regarding how the patients felt after surgery. The NEI 
VFQ-25 scores were calculated for each vision stage, and all patients achieved 
moderate scores. In previous studies, every patient’s NEI VFQ-25 score was 
calculated (Color Universal Design Organization, 2009, Y. Suzukamo et al., 2005). 
Furthermore, it has been shown that vision improves after correction using glasses 
(Suzukamo et al., 2005). 	
- Table 3.7 - 
NEI VFQ-25 scale items used in personal interviews after using corrective lenses. The asterisk 
indicates no response because the patients do not drive. 
  However, in this study, General Health, Near Activities, and Driving all averaged 
less than 60 points. Peripheral Vision, General Vision, Ocular Pain, Distance 
Activities, Mental Health, Role Difficulties, and Dependency averaged above 60, but 
less than 80 points. Social Functioning and Color Vision averaged above 90 points. 
Therefore, even after all of the patients had received corrective glasses, they 
continued to have General Health, Near Activities, and Driving problems. 	
3.3.4	 Farnsworth-Munsell	100	Hue	Test	
Figure 3.1 presents the FM-100 Hue Test items used in the study, as well as the 
distribution of responses regarding how the patients felt after using corrective lenses 
(visual acuity 0.7–1.5). Patients with 100 or more error scores are plotted in black 
Visual 
acuity 
NEI VFQ-25 
Mean General Health 
General 
Vision 
Ocular  
Pain 
Near 
Activities 
Distance 
Activities 
Social 
Functioning 
Mental 
Health 
Role  
Difficulties Dependency Driving 
Color 
 Vision 
Peripheral  
Vision 
0.7 41.8 37.5 50.0 43.8 20.8 45.8 50.0 34.4 43.8 41.7 * 100 37.5 
0.8 64.1 40.0 48.0 90.0 35.0 66.7 82.5 67.5 67.5 66.7 58.3 100 45.0 
0.9 65.4 41.7 56.7 72.9 38.9 59.7 83.3 71.9 68.8 75.0 54.2 95.8 55.0 
1.0 74.9 65.0 78.0 71.2 57.1 75.4 93.8 78.1 81.3 80.8 47.9 100 62.5 
1.2 83.8 56.3 87.5 78.1 76.0 89.1 90.6 89.8 93.8 87.5 71.9 100 59.4 
1.5 73.9 71.9 92.5 78.1 66.7 87.5 95.3 92.3 85.9 91.7 64.6 100 84.4 
Mean across 
all patients 56.4 74.4 75.3 55.4 75.6 88.1 78.9 79.2 79.7 58.5 99.4 61.8 
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lines. Gray dotted lines indicate patients whose error scores were lower than 100. 
 
We measured each patient’s color discrimination by calculating their FM-100 Hue 
Test scores. In previous studies, most senile cataract patients have exhibited signs of 
weakness in color perception, particularly blue-green discrimination, as well as red 
weakness (Chang & Chen, 2010; Ikeda et al., 2004). In this study, 17 patients scored 
more than 100 points in their color discrimination tests, where the highest score was 
196 (Patient B-5). The correlation coefficient (Pearson's r) between visual acuity and 
error score was -0.53 (p < 0.01), indicating that the loss of color discrimination 
correlates with the loss of visual acuity. Patients' error scores tend to concentrate in 
the blue-green zone, which is consistent with past research results (Chang & Chen, 
2010; Ikeda et al., 2004). 
	
- Figure 3.1 - 
Each patient’s FM-100 Hue Test score was calculated to assess color perception. The black line 
indicates poor color vision. 
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3.4	 Discussion	
We found that corrective lenses improve both visual acuity and QOL in patients 
with senile cataract. However, while our questionnaires showed that corrective lenses 
can help senile cataract patients with their Social Functioning, as well as decrease 
their dependency, we still found dissatisfaction among patients, mainly with General 
Vision and Near Activities. This shows that corrective lenses do not confer 
completely satisfactory vision on senile cataract patients. It should also be noted that 
corrective lenses had become a daily necessity for 19 (48.7%) patients, and that 31 
(79.4%) indicated they would not accept immediate surgery to alleviate the symptoms 
of their cataract. 
 
Moreover, we found that patients’ QOL can suffer due to ocular fatigue, possibly 
caused in turn by their visual impairment; this can lead to clinical depression, which 
further affects the self-reported ranking of their health (Dargent-Molina et al., 1996; 
Carabellese et al., 1993; Wang et al., 2000). It should also be noted that our senile 
cataract patients often did not notice the decrease in their color discrimination. Visual 
impairment and age-related cataract can lead to various factors that increase the 
mortality rate in seniors (Wang et al., 2001).  
 
3.5	 Conclusion	and	outlook	
We found that corrective lenses had become a necessity for about half of the senile 
cataract patients who had not yet undergone surgery; the majority indicated that 
corrective lenses are sufficient for their daily lives, without the need for surgery. On 
the other hand, we also found that corrective lenses alone do not completely restore 
the patients’ QOL in terms of vision. In particular, patients with poorer visual acuity 
tend also to have poorer color discrimination. 
 
Our findings are based on subjective report and recall, not on direct observation of 
the patients’ daily lives. In future studies, we plan to conduct more in-depth case 
studies to examine the correlation between everyday visual difficulties and the 
patients’ dependency on corrective lenses. Furthermore, prior research indicates that 
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intraocular lenses in cataract patients can lead to visual discomfort and 
photosensitivity (Chen et al., 2014; Koyama & Kawamura, 2007). Photosensitivity in 
cataract patients before and after the surgery is also a pressing topic for future study. 
We believe such investigations can help assess the difficulties patients with senile 
cataracts face, and thereby stimulate affective engineering interventions that enhance 
their QOL. 
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Chapter 4: Conclusion 
4.1	 Summary	and	Limitation		 	 In Chapter 2 and 3, we investigated the visual status and QOL of post-operative and 
preoperative senile cataract patients. 
 
  Chapter 2 discusses the quality of life after surgery of patients with senile cataract. 
In previous studies, it was shown that cataract patients with a history of migraine and 
photosensitivity have recurrent headaches after undergoing surgery (Koyama & 
Kawamura, 2007). This study investigated 9 patients and analyzed their visual 
discomfort after surgery. The result of the surveys showed that four patients 
developed dry eye and tearing symptoms after surgery. Two of the patients showed 
changes in their lifestyle after surgery (e.g. reduced television viewing time and 
wearing sunglasses). We speculate from these changes in symptoms and daily habits 
that patients may have new or recurrent photosensitivity after surgery. 
 
  Chapter 3: In order to better understand cataract patients' perception of their own 
diseases and quality of life before surgery, we conducted an investigation of visual 
acuity, color vision recognition and quality of life of patients who had not undergone 
surgery. The result of the surveys showed that non-surgically treated patients can 
correct their vision and improve their quality of life through appropriate eyeglasses. 
Most of the patients indicated that the vision correction of the glasses was enough for 
their daily lives, and they did not plan to perform surgery immediately. However, in 
further interviews and color vision identification tests, it was found that patients still 
had unconscious color identification problems and dissatisfaction with quality of life.	Also,	it is consistent with the literature (Chang & Chen, 2010; Ikeda et al., 2004) that 
the color sense of the patient is weakened mainly from blue to green. 
 
  The results of this study are mainly subjective reports and patient recalls, rather 
than direct observation of the patient's daily life. In the future, we further supplement 
these finding by conducting field surveys that are closer to the daily lives of patients 
in order to obtain more objective data on the visual discomfort and light sensitivity of 
cataract patients in daily life. 
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  Although surgery is currently the most effective treatment for cataracts, in the 
second chapter of this thesis, cataract patients were observed to have a tendency to 
photosensitivity after surgery, affecting their quality of life. On the other hand, in the 
investigation presented in Chapter 3, it was found that a large proportion of patients 
did not plan to perform surgery immediately, which caused their visual and quality of 
life problems to be protracted. We believe that in addition to medical care, the 
development of the patient's living environment in light of the above-mentioned 
issues that may arise will be the direction in which an aging society will continue to 
work towards. 	
4.2	 Future	Proposition	
  With the popularity of color universal design, there have been many studies and 
product developments for the needs of visually impaired people in recent years, such 
as displays and traffic signs suitable for congenital color-blind persons. However, due 
to the increase in the number of elderly people, visual discomfort and color 
discrimination caused by senile cataracts will be become increasingly common. In 
order to improve the quality of life of patients, providing various designs suitable for 
the visual experience of elderly cataract patients will be an important issue in the 
future. This study tried to clarify the problems facing cataract patients in their daily 
lives using established research methods in design psychology. These issues were not 
mentioned clearly in past studies. For designs that are suitable for improving these 
issues, it will take more time for future research. Based on the findings of cataract 
patients, this study proposes the following directions for future design practice. 	
4.2.1	 Design	for	patients	who	undergone	surgery	
  Among the cases of patients who had undergone surgery in this study, there is no 
patient who has experienced migraine as in previous studies, but the number of 
patients who complained of visual discomfort after surgery is about half. When 
examining the differences between patients who had complained of discomfort and 
those who did not, two of the three patients who chose yellow intraocular lenses 
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complained of discomfort. On the other hand, among the six subjects who chose 
colorless lenses, two of them complained of discomfort, and the percentage of 
patients who selected the yellow lens felt uncomfortable was high. However, as the 
number of samples at this time is limited, more detailed investigation is needed to 
understand the influence of the color of intraocular lens. 
 
  On the other hand, it is also worth thinking about postoperative discomfort from the 
viewpoint of human’s whole-body coordination. Human body can adjust to the 
environment in ways that are most suitable to the conditions. Changes in the quality 
of light can affect a variety of physiological responses (Katsuura, 2000). Since such 
adaptation is a long-term change, in the case of cataract patients, the lens whose 
function gradually decreased over several years was replaced with a highly functional 
intraocular lens in a short time. It takes time again for the body to adapt. In this 
adaptation process, it is considered that there are individual differences, and in 
patients who complained of discomfort after surgery, the discomfort may be a 
physiological reaction that occurred during the adaptation process. 
 
  It would be worthwhile to design customized support for individuals to alleviate 
their discomfort if there was discomfort that occurred during the adaptation process. 
For example, it is reported that the color temperature has an effect on the autonomic 
nervous system and the central nervous system (Katsuura, 2000), and it will be 
possible to consider proposing comfortable household color temperature for cataract 
patients.  
 
  Also, it is suggested to include the evaluation of post-surgical vision related quality 
of life as a full medical plan for cataract patients (Lau, et al., 2002). Such a 
personalized support design may be carried out as part of postoperative care as a trial 
to improve patient's postoperative quality of life. 	 	 	
4.2.2	 Design	for	patients	who	have	not	undergo	surgery		 	 Cataract surgery in Japan is very mature. Shorter operative time, fewer 
complications, and can improve the quality of life for patients (Ishii, 2012). However, 
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according to the patient survey summary data published by the Ministry of Health, 
Labour and Welfare (2014), it is estimated that there are only 85,000 people attending 
cataracts in one year. On the other hand, the population of senile cataract calculated 
from the population of elderly people and the cataract prevalence rate can reach tens 
of millions or more. Compared with the two figures, it can be found that the cataract 
population has very low medical treatment rates. In our study, it was shown that in the 
face of visual changes in cataract patients, most people take eyeglasses correction and 
delay surgical treatment time. At the same time there is a false perception of 
self-conditions (changes in vision and color vision). And these will gradually affect 
the daily quality of life of patients. In severe cases, it may even affect walking and 
traffic safety. 	
  The doctors who assisted in this study stated that unless the patient is in very 
serious condition and the doctor judges that surgery must be performed immediately, 
otherwise the doctor does not immediately pose a risk. There is also doctors use 
measurement of Functional Visual Acuity, a 10-to-60-second measurement of visual 
acuity to provide more precise analysis of the visual status of cataract patients 
(Yamaguchi, 2012). In either ways, doctor will mostly play the role of providing 
examinations and opinions, and whether or not to undergo surgery usually take the 
way to respect the wishes of the patient. Although we can not force patients to receive 
treatment, we can make use of the design knowledge and improve the quality of life 
of patients who have not undergone surgery. 	
4.2.2.1	 Public/Individual	environment	design	for	elderly	cataract	patients	
	 	 In the environment where we live, there are already facilities for assisting persons 
with severe visual impairment, such as guide tiles or braille. However, visual 
impairment is not limited to blind people who have lose their vision, but also includes 
those who have low vision due to aging, illness, or injury. Toward a better visual 
environment for all types of people, researches and new standards based on color 
universal design have become widely discussed recent years. For example, Kwon et al. 
(2009) suggest highly visible color coordination for stairs to prevent elderly people 
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falls on the stairs. Another major movement is that the first updated version in the last 
13 years of the Japanese Industrial Standard of Safety Colors and Signs is announced 
to fit the guideline of universal design colors (Ministry of Economy, Trade and 
Industry, 2018). According to the announcement, the update is not only for people 
with normal vision but also for those with diverse color discrimination. Further 
expansion of such trend is expected toward the 2020 Tokyo Olympic and Paralympic 
Games. 
 
  In addition to visual deterioration, low vision can also cause defects in the visual 
field due to changes in the sensitivity to light. In our survey, patients with senile 
cataract may still face various visual problems, mainly in the categories of General 
Vision, Near Activities, and Driving. Under the trend of universal design, in the future 
public and individual environment, considerations should be made to provide 
environmental designs with emphasis on the above-mentioned tasks, based on the 
premise that there are many cataract patients. Using new standards and research 
findings, possible public designs include items such as evacuation guidelines, font 
colors of road signs, stations, access to public facilities, etc.	  
   
  For environment design for individuals, for example to improve General Vision, it 
will be worth considering adjusting the color temperature according to the color 
vision of the patient. Regarding indoor Near Activities, measures to strengthen the 
illuminance at places where there are many short-distance works such as locks and 
switches to make the operation subject more visible for the patients are worthy of the 
future efforts. 
  
4.2.2.2	 	 Promotion	scheme	to	induce	cataract	patients	to	receive	treatment	
  It is pointed out that in the aging society, the elderly people's lifestyle, including the 
driving of cars and the use of IT products, is changing, and the quality of vision 
necessary for the elderly becomes higher (Takura et al., 2009). In Chapter 3, we found 
that nearly half of the patients overestimate their color discrimination. Considering 
from the viewpoint of color constancy, even if there is a shift in the color seen by the 
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patient due to cataracts, there is a possibility that the color seems normal for the 
patients. If the patients are not sufficiently aware of their condition, they may delay 
the timing of the treatment and expose themselves to visual discomfort and even 
danger.  
 
  One of the cataract patients we surveyed had commented that he was feeling bad 
because he ate rotten banana which had abnormal color. However, he evaluated that 
he had no problem with color discrimination. In this case, while it did not come a 
dangerous situation, but if it may cause health problem if one cannot distinguish 
rotten food by color.  
 
  Another example is that the risk of crash involving drivers with cataract is 2.5 times 
more than those without cataract (Owsley et al., 1999). According to Ota (2014), it is 
difficult for elderly people to process a lot of information in a short time, and a 
decline in the physical and mental functions such as a decline in the reaction function 
and stagnation of the effective visual field is related to a traffic accident. As we 
described in Section 1.4, the reduction in visual contrast due to cataracts can be 
considered as a problem during driving.   
 
  Moreover, the decline in physical ability is not the only cause of the accident. In 
order to ensure safety, it is important how we can recognize our own abilities 
correctly (meta-recognition). This applies not only to the elderly, but also to all people 
(Ota, 2014).  
 
  Under such circumstances, while taking measures to mitigate patient discomfort, 
designing a plan to induce patients to correctly assess their own condition in daily life 
and enhance their willingness to receive medical treatment as soon as possible to 
improve the quality of life is another future research direction proposed in this study. 
(E.g., provide patients with their own color vision assessment data in a way that takes 
into account the patient's mental state and understanding, and inform them of the 
possible impact of color vision on quality of life.) 
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4.2.3	 Other	future	research	themes	
 The following are elements that could not be fully covered in this research. In order 
to better understand the quality of life problems of cataract patients, it is necessary to 
further research into these factors. 	
(a) Relationship between cataract and non-visual effect 
  We believe that the impact on non-visual effects should be expanded in discussing 
QOL of cataract patients in the future. As mentioned in 1.4, the effect of ipRGC 
receiving blue light on the circadian rhythm of the human body has been pointed out 
(Hatter et al, 2002, Berson et al, 2002). Since cataract patients receive less blue light, 
the impact could be noticeable in the future. 
 
  In another study, it was reported that the quality of life improved from a bedridden 
condition to a state where self-sustaining was possible, as the motivation for 
rehabilitation increased after cataract surgery for a patient with senile dementia 
(Takahashi et al, 1995). Thus, the indirect impact on mental health after surgery is 
also one of the future research topics.  	
(b) Causes of feeling discomfort (or not) after surgery 
  As described in 4.2.1, in this study, we could not acquire sufficient information 
about the differences in postoperative symptoms due to migraine and intraocular lens 
color. Also, as patients who could be interviewed and timing for the interviews were 
determined by doctors, researchers cannot track the same patient before and after 
surgery. Therefore, from the results of this study, it is difficult to infer the different 
reasons for the postoperative response of the patient from their characteristics. 
Tracking more patients over long periods and comparison between patients with 
higher accuracy is the direction of future efforts. 
 
(c) Self-perception to decline in color discrimination 
  In Experiment 2, patients who perceived that their own color discrimination ability 
had declined tended to have lower visual acuity. However, it was difficult to point out 
the differences between those who could recognize color discrimination ability and 
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those who did not, because we could not align patients with the same condition in 
each vision zone at the design stage of research. In the future, we will be able to 
further explore this issue by conducting a more thorough investigation of the patient's 
awareness of color discrimination. 
 
(d) Changes in color preferences caused by cataracts 
  It would be more acceptable if a design useful for improving the quality of life of 
patients could also satisfy their preferences. Previous study has indicated that the 
preference of color for elderly may change due to the yellowing of the lens (Dittmar, 
2001). Especially in cataract patients, the lens is strongly discolored, so we can 
investigate how much their color preferences have changed and provide an 
appropriate design according to their preference change. 
 
  In order to enable life design to be closer to the needs of patients, in the future more 
basic research of affective engineering, psychology, and design studies will be needed 
to enhance the depth and breadth of data. 
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